Abstract-The main objective of this research is to produce and characterize amorphous Aluminum copper (Cu) alloy for high strength applications. High grade of both Aluminum and copper ingots were charged to a ceramic mould and put in an electric furnace in the ratio of 13:1 of Al and Cu respectively. The furnace temperature was set at 1300 o C and after melting, ingot casting was done using plastic mould with sprayed water to achieve rapid cooling. An amorphous metal or glassy structure was produced from the ingot by super cooling through preheating the cast rod to 600 o C and rapid cooled by water quenching. The glassy alloy rods and Al control sample were prepared for Scanning Electron Microscope (SEM), tensile and impact toughness characterizations. The results showed SEM images of the Al-Cu alloy and pure Al samples. The ultimate tensile strengths for Al-Cu and Al samples were 399 and 330 kg/m 2 respectively. Similarly, the impact strengths obtained were 27.3 and 26.4 J. It can be concluded that glassy phase Al-Cu alloy was produced with high ultimate tensile strength and impact toughness. The amorphous alloy produced is a good structural material for aerospace applications.
I. INTRODUCTION
Polymer matrix composites are commonly used in the design and manufacture of high-performance military aircraft and specified for some applications in commercial aircraft. Alloys of aluminum nonetheless find application as the base materials for aircraft structural components where high strength to weight ratio is required such as the fuselage skin and wing [1] . The advent of metal aircraft which used thin steel skins brought about a major advancement via the application of aluminum alloys in the aerospace industry which is still on to date [2] .
The formation of aluminum oxide protective layer makes aluminum alloy keep their apparent surface shining in dry environment and on the other hand, wet environment prompts galvanic corrosion when aluminum alloy is placed in electrical contact with metal having higher resistance [3] . Fabrication costs, design experience, established manufacturing methods and facilities are performance characteristics of aluminum alloys in which continued Published confidence has been maintained ensuring their use in significant quantities for centuries to come [4] - [6] .
The production of materials that enhance material service life by combining high strength and toughness has posed challenges. However, high strength aluminum alloys have gained wider acceptance as a result of its high strength-toweight ratio, as materials for fabrication of light weight structures. Gas tungsten arc welding (GTAW) and gas metal arc welding (GMAW) processes are the most preferred welding processes for high strength aluminum alloys [7] . The thermoplastic forming process of amorphous metals (metallic glasses) is as a result of the special softening feature of metallic glasses when heated above their glass transition temperature (Tg) [8] , [9] . Many organisations published more specific standards for the manufacture of aluminum alloys, including the Society of Automotive Engineers standards organisation, specifically its aerospace standards subgroups [10] .
Small length scales of patterns which range from some 10nm to several millimetres can be made from metallic glasses [11] . The low magnetisation loss that characterises metallic glasses is explored for use in production of high and even higher frequency transformers. However, amorphous steel exhibit some level of brittleness which poses difficulty in punching into motor lamination made with amorphous steel [12] . Synthesise of glasses in both alloy classes by intense deformation of crystalline multilayer arrays represents a significant level of micro-structural control that influences the structural performance and stability [13] . Duralinium was earlier developed and applied to the structural parts of aircrafts and subsequently, various aluminum-copper alloys were developed based on the features of Duralinium [14] .
Copper is the principal element of copper alloys having high resistance against corrosion. The common types of copper alloys are bronze which has tin as an important alloying element and brass which has zinc as the alloying element. There is also iron based aluminum alloy composing of 12% by weight of aluminum and having high strength and insulating properties [15] .
Toughness is the property of a material that defines its ability to resist fracture while undergoing plastic deformation, which requires a balance of strength and ductility. When a material is stressed, the amount of energy absorbed per unit volume of that material depicts its state of toughness [16] . Mathematically,
where ε = strain, εf= strain upon failure and σ = stress. The unit is J/m3. The metallographic structure of an amorphous metal is that of a non-crystal which mimics the structure of glasslike. Unlike common glasses with typical insulating property, amorphous metals have good electrical conductivity [17] . They can be produced in a number of ways including extremely rapid cooling, physical vapour deposition, solid-state reaction, ion irradiation, and mechanical alloying [18] .
Metallic glasses undergo heterogeneous deformation by formation of shear bands which is due to shear instability causing them to fail catastrophically [19] . Unusual uniformity in fracture strengths of metallic glasses, around 2% of strain, is controlled by the flow stress making failure in metallic glasses an intrinsic process. This phenomenon opposes the state of fracture strength in crystalline material which depends on the material preparation [20] .
Tensile yield strengths and higher elastic strain limits of amorphous metals are higher than polycrystalline metal alloys while their ductility and fatigue strengths are lower [21] . The non-crystalline structure of amorphous metal which is free from defects such as dislocations that places limitation on crystalline alloys strength, gives its higher tensile strength.
Entropy difference between crystal and under-cooled melt could not be ruled out, the difference in entropy which is a function of temperature, between the super cooled liquid and that of its stable crystal experiences a decline [22] . Liquids cooled below their transition temperature without crystallising exhibit lower entropy more than the crystalline phase. This temperature attained by passing crystallisation is regarded as the Kauzmann paradox [23] . A resolution of this popular paradox is the assumption that liquids super cooled at this temperature must undergo a phase transition to ideal glasses before the entropy of the super cooled liquid decrease below that of the crystal [24] . This transition temperature is defined as the calorimetric ideal glass transition temperature Toc [25] as given in (2) .
The change in configuration of glass within the transition temperature range occurs slowly with time towards the equilibrium structure [26] . The thermodynamic driving force, as provided by Gibbs free energy principle of minimisation is necessary for the ultimate physical change. Glass structure equilibrium is attained speedily at temperatures high than Tg (T > Tg). Contrarily, at significantly lower temperatures, glass configuration remains sensibly stable over lengthy periods of time [27] . The uniqueness of this work is the addressing of the challenge of both high strength and toughness through production of amorphous materials. This research therefore, elucidated the production and characterization of amorphous Aluminum copper alloy for high strength applications especially in aerospace.
II. MATERIALS AND METHODS
High grade Aluminum and copper ingots were washed dried, and surface cleaned with abrasive paper, and charged to a ceramic mould and put in an electric furnace in the ratio of 13:1 of Al and Cu respectively. The furnace temperature was set at 1300 o C, Copper was first poured to the heated furnace under a closed atmosphere via the hopper the temperature was held constant to ensure proper melting, stirrer was engaged as aluminum was fed to the furnace consecutively. Simultaneously, stirring of the mixture continued for proper formation of the ingot to be produced, ingot casting was done using plastic mould with sprayed water to achieve rapid cooling. An amorphous metal or glassy structure was produced from the ingot by super cooling through preheating the cast rod to 600 o C and rapid cooled by water quenching. The glassy alloy rods and Al control sample were prepared for Scanning Electron Microscope (SEM), Energy Dispersive X-ray (EDX), tensile and impact toughness characterizations.
III. RESULTS AND DISCUSSION
The results obtained are contained in Figs. 1-3 The properties of Amorphous Al-Cu alloy that enhances its suitability for aerospace applications include light weight (3.013 g/cm 3 ), high strength to weight ratio, higher values of impact toughness, hardness and ultimate tensile strength as compared to commercial Aluminum (Table III) . In addition, it has good thermal and corrosion properties.
The mechanism of strengthening is by substitutional solid solution since copper atom is large enough to replace the aluminum atoms in the lattice positions. The strength of the Al-Cu alloy is dependent on the ease with which dislocations can be moved by increasing the stress τ (as expressed below) that impedes the motion of dislocations [13] . The SEM image of the Al-Cu amorphous alloy contained the matrix of both Aluminum and intermetallic compound of Al and Cu. The EDX pattern also confirmed the glassy phase of the alloy. The elemental composition from Table I also confirmed the presence of Cu in the alloy. The results of the mechanical properties of the alloy in comparison with that of control sample showed significant improvement in hardness and ultimate tensile strength of the alloy as shown in Fig. 2 . The results obtained were in agreement with the findings of researches conducted [11] , [14] .
The production and characterization of amorphous Al-Cu alloy enhanced its suitability for aerospace applications, as the choice of both metals and the processes involved make the glassy phase formation possible. The characterisation of the alloy elucidated the aerospace properties in for precipitate formation that enhanced the strength, hardness and corrosion resistance.
In aerospace applications, high strength to weight ratio is required to ensure delivery of large components as payload increases. Also, good thermal stability, weight saving and better corrosion resistance are essentials especially for aircraft wing and fuselage skin materials. The amorphous Al-Cu alloy possessed these properties thus making it suitable for aerospace applications. 
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Having carried out experimental work on production and characterization of amorphous Al-Cu alloy for aerospace application, the followings can be concluded;
The Al-Cu alloy produced was glassy in nature as it was confirmed by the EDX pattern obtained from SEM examination of the sample.
The SEM image of the sample showed a matrix of Al background with Al and Cu intermetallic compounds as precipitates.
The mechanical properties of the Al-Cu alloy got showed superior properties of impact toughness, hardness values and Ultimate tensile strengths as compared with the control sample of pure Al.
Therefore, Amorphous Al-Cu Alloy is a suitable material for aerospace application which makes this work commercially viable.
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